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(57) ABSTRACT 

An automatic White balance control image apparatus, 
medium, and method. The automatic White balance control 
imaging apparatus may include a color space conversion 
unit converting the input image data into color space data 
having a chromatic component, a gray region extraction unit 
extracting a gray region for the input image data based on 
gray regions for light sources, the gray regions being 
detected based on plural light sources and a predetermined 
color checker, a detection unit extracting initial light source 
information using a color gamut average value and a color 
gamut center value, and adjusting the initial light source 
information in order for a chromatic component introduced 
into the extracted gray region to be excluded, a gain control 
unit calculating gains to scale the input image data based on 
the adjusted initial light source information, and controlling 
a White balance by applying the calculated gains to the input 
image data. 
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APPARATUS, MEDIUM, AND METHOD WITH 
AUTOMATIC WHITE BALANCE CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t under 35 U.S.C. § 
119 from Korean Patent Application No. 2005-13718, ?led 
on Feb. 18, 2005, the entire contents of Which is incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the present invention relate to an 
apparatus, medium, and method With automatic White bal 
ance control capable of detecting accurate light sources by 
minimizing a chromatic component introduced into a gray 
region and automatically controlling a White balance based 
on detected light source information having the color com 
ponent being extracted from a chromatic color space. 

[0004] 2. Description of the Related Art 

[0005] White balance control refers to a color control 
function of adjusting a color balance in a captured image or 
video by a shift of overall color tones through a detecting of 
the White color suffering the largest changes to an object 
color, due to light sources in an input image data, deciding 
a color temperature by RGB component ratios of the 
detected White color, and controlling red and blue colors R 
and B, according to the color temperature, and based on the 
detected White color. 

[0006] Generally, even When an identical object is image 
captured by an imaging apparatus such as a digital still 
camera, digital video camera, or the like, the captured image 
colors look different depending on circumstances surround 
ing various related image light sources, such as an incan 
descent room lamp, ?uorescent lamp, sun light, or the like. 
Human eyes have color constancy enabling humans to sense 
a White color, as the White color, by adapting the eyes to each 
light source, but an imaging apparatus reproduces White 
color such that a blue color is included When the color 
temperatures of the light sources are high or a red color is 
included When the color temperatures are loW, since RGB 
components are re?ected by the light sources having differ 
ent color temperatures. 

[0007] Accordingly, White balance control is needed in 
order for a White color to be properly sensed as the White 
color, e.g., When the color temperature changes due to 
changes in light sources. For example, a White color con 
taining a blue color may need to be controlled such that the 
gain of a red color R is increased and the gain of the blue 
color B is decreased, or a White color containing a red color 
may need to be controlled such that the gain of the blue color 
B is increased and the gain of the red color R is decreased. 

[0008] Such an accurate control over the White balance 
requires an accurate detection of a reference White color. For 
this purpose, the White balance can be controlled based on 
a gray World assumption, stating that integrating Whole color 
components of a captured image results in a Zero, that is, a 
color close to an achromatic color. Speci?cally, White bal 
ance control under the gray World assumption can effec 
tively detect a White color if an input image has a Wide range 
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of diverse colors. It is necessary in White balance control, 
under the gray World assumption, to accurately control White 
balance With acquisition of accurate information about light 
sources even When there exists a dominant color in an input 
image or a chromatic component is introduced into an 
extracted gray region. 

SUMMARY OF THE INVENTION 

[0009] Embodiments of the present invention, as at least 
discussed herein, have been developed in order to solve the 
above drawbacks and other problems associated With such 
conventional arrangements. 

[0010] An embodiment of the present invention provides 
an apparatus, medium, and method of automatic White 
balance control capable of accurately controlling White 
balance by minimiZing a chromatic component introduced to 
a gray region, extracted out of an chromatic color space, and 
using light source information detected by excluding a 
dominant color existing in an input image. 

[0011] To achieve the above and/or other aspects and 
advantages, embodiments of the present invention include 
an apparatus With automatic White balance control, includ 
ing a color space conversion unit to convert input image data 
captured by an image sensor into color space data having a 
chromatic component, a gray region extraction unit to 
extract a gray region for the input image data based on gray 
regions for light sources related to the input image data, the 
gray regions being identi?ed based on plural light sources 
and a predetermined color checker, a detection unit to extract 
initial light source information by using a color gamut 
average value and a color gamut center value of the input 
image data, and adjust the initial light source information to 
exclude a chromatic component introduced into the 
extracted gray region by using a determined existence of a 
luminance difference betWeen a gray component and the 
chromatic component, and a gain control unit to calculate 
gains to be applied to scale the input image data based on the 
adjusted initial light source information, and control a White 
balance of the input image data by applying the calculated 
gains to the input image data. 

[0012] The apparatus may further include signal-process 
ing unit for signal-processing and displaying the White 
balanced input image, and/or a charge coupled device 
(CCD), With the CCD being the image sensor and providing 
the input image data. 

[0013] The color space may either be a color space having 
a luminance (Y) axis, an R/R+G+B axis, and a B/R+G+B 
axis or a color space having a luminance (Y) axis, an R/G 
axis, and a B/G axis. 

[0014] The gray region extraction unit may detect a White 
point for each light source based on an average value of gray 
patch data obtained by using the plural light sources, detects 
a certain range about a respective White point for each light 
source as a respective gray region of each light source, and 
extracts a region including all the gray regions for the plural 
light sources as the gray region of the input image. 

[0015] The detection unit may include a light source 
information extraction unit to calculate a Weighted average 
value on Which the color gamut average value is re?ected, 
based on the color gamut average value and color gamut 
center value of the input image, and extract the initial light 
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source information based on the Weighted average value, 
and an adjustment unit to divide the gray region into a ?rst 
region of loW luminance and a second region of high 
luminance by using the determined existence of the lumi 
nance difference between the gray component and the chro 
matic component, and adjust the initial light source infor 
mation based on an average value of the ?rst region and an 
average value of the second region. 

[0016] The light source information extraction unit may 
vertically map the Weighted average value onto a center axis 
connecting White points of the plural light sources, corrects 
the Weighted average value mapped onto the center axis 
based on movement enabling errors to be minimiZed When 
mapping a Weighted average value of each light source onto 
a White point for each light source, and extract the corrected 
Weighted average value as the initial light source informa 
tion. 

[0017] Weighted average values may be calculated 
according to: 

bwaghte?([5Xbave+[5><bgm)/((1+[5), 
[0018] Here, rWeighted denotes an R/R+G+B value of the 
Weighted average value, bWeighted denotes a B/R+G+B value 
of the Weighted average value, 0t and [3 denote constants, 
respectively, rave denotes an R/R+G+B value of the color 
gamut average value, and b denotes a B/R+G+B value of ave 

the color gamut average value. 

[0019] The adjustment unit may divide the gray region 
into the ?rst region and the second region based on a 
threshold luminance value determined by using an average 
value of maximum and minimum values in the gray region 
and an average value of the gray region, and adjust the initial 
light source information by using the average value of the 
?rst region and the average value of the second region. 

[0020] The threshold luminance value may be calculated 
according to: 

[0021] Here, Ythreshold denotes the threshold luminance 
value, Yregion denotes an average value of the average values 
of the ?rst and second regions, Yave denotes the average 
value of the gray region, and 0t and [3 are an arbitrary 
constants. 

[0022] The adjustment unit may selectively detect, as the 
adjusted light source information, either the average value of 
the ?rst region or the average value of the second region 
located according to a shortest distance to the initial light 
source information. 

[0023] The adjusted light source information may be cal 
culated according to: 

[0024] Here, rWht and bWht denote R/R+G+B and B/R+ 
G+B values of the adjusted light source information, respec 
tively, rclown and bclown denote R/R+G+B and B/R+G+B 
values of the average value of the ?rst region, and rup and bup 
denote R/R+G+B and B/R+G+B values of an color gamut 
average value of the second region, respectively, and Distup 
and Distclown denote a distance from the initial light source 
information to the average value of the second region and a 
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distance from the initial light source information to the 
average value of the ?rst region, respectively. 

[0025] The gains may be calculated according to: 

8 hr E uation 6 Rgain: f XL q 
scaling rwhr 

gwht 
Bgain = fscaling >< —, 

bwht 

[0026] Here, Rgain and Bgal-n denote gains to be applied to 
a red color R and a blue color B, respectively, fScaling denotes 
a scaling factor for scaling the input image, and rWht and bWht 
denote R/R+G+B and B/R+G+B values of the adjusted light 
source information, respectively. 

[0027] The gain control unit may control the White balance 
for the input image by multiplying the red color R of the 
input image by a reciprocal number of the scaling factor and 
the calculated gain of the red color R and multiplying the 
blue color B of the input image by the reciprocal number of 
the scaling factor and the calculated gain of the blue color B. 

[0028] To achieve the above and/or other aspects and 
advantages, embodiments of the present invention include 
an automatic White balance control method, including con 
verting input image data captured by an image sensor into 
color space data having a chromatic component, extracting 
a gray region for the input image data based on gray regions 
of light sources, the gray regions being identi?ed based on 
plural light sources related to the input image data and a 
predetermined color checker, extracting initial light source 
information by using a color gamut average value and a 
color gamut center value of the input image data, and 
extracting ?nal light source information by adjusting the 
initial light source information to exclude a chromatic 
component introduced into the extracted gray region by 
using a determined existence of a luminance difference 
between a gray component and the chromatic component, 
and calculating gains to be applied to scale the input image 
data based on the adjusted ?nal light source information, and 
controlling a White balance of the input image data by 
applying the calculated gains to the input image data. 

[0029] The method may further include signal-processing 
and displaying the White-balanced input image, and/or pro 
viding the input image data from a charge coupled device 
(CCD) as the image sensor. 

[0030] The color space may either a color space having a 
luminance (Y) axis, an R/R+G+B axis, and a B/R+G+B axis 
or a color space having a luminance (Y) axis, an R/G axis, 
and a B/G axis. 

[0031] The extracting of the gray region may include 
detecting a White point for each light source based on an 
average value of gray patch data obtained by using plural 
light sources, and extracting, as the gray region of the input 
image, a region including all respective gray regions for the 
plural light sources by detecting a certain respective range 
about a White point of each respective light source as a 
respective gray region of each light source. 

[0032] The extracting of the ?nal light source information 
may include calculating a Weighted average value on Which 
the color gamut average value is re?ected, based on the color 



US 2006/0290957 A1 

gamut average value and color gamut center value of the 
input image data, and extracting the initial light source 
information based on the Weighted average value, and 
dividing the gray region into a ?rst region of loW luminance 
and a second region of high luminance by using the deter 
mined existence of the luminance difference betWeen the 
gray component and the chromatic component, and adjust 
ing the initial light source information based on average 
values of the ?rst region and an average value of the second 
region. 
[0033] The extracting of the light source information may 
further include vertically mapping the Weighted average 
value onto a center axis connecting White points of the plural 
light sources, correcting the Weighted average value mapped 
onto the center axis based on movement enabling errors to 
be minimized When mapping a Weighted average value of 
each light source onto a White point for each light source, 
and extracting the corrected Weighted average value as the 
initial light source information. 

[0034] The Weighted average values may be calculated 
according to: 

bwe.ghed=((1><b.ve+[5><bgm)/(Q+[5), 
[0035] Here, rWeighted denotes an R/R+G+B value of the 
Weighted average value, and bWeighted denotes a B/R+G+B 
value of the Weighted average value, 0t and [3 denote 
constants, respectively, rave denotes an R/R+G+B value of 
the color gamut average value, and b denotes a B/R+G+B ave 

value of the color gamut average value. 

[0036] The adjusting of the initial light source information 
may include dividing the gray region into the ?rst region and 
the second region based on a threshold luminance value 
decided by using an average value of maximum and mini 
mum values in the gray region and an average value of the 
gray region, and adjusting the initial light source informa 
tion by using the average value of the ?rst region and the 
average value of the second region. 

[0037] The threshold luminance value may be calculated 
according to: 

ythreshold=(ax Yregion+|3X Yave)/(a+[5)> 

[0038] Here, Ythreshold denotes the threshold luminance 
value, Yregion denotes an average value of the average values 
of the ?rst and second regions, Yave denotes the average 
value of the gray region, and 0t and [3 denote arbitrary 
constants. 

[0039] The adjusting of the initial light source information 
may include detecting as the adjusted light source informa 
tion either the average value of the ?rst region or the average 
value of the second region located in a shortest distance to 
the initial light source information. 

[0040] The adjusted light source information may be cal 
culated according to: 

rwht=rdown> bwht=bdown if DiStup>DiStdoWn 

rwht=rup> bwhFbup if Distup<Distdown> 

[0041] Here, rWht and bWht denote R/R+G+B and B/R+ 
G+B values of the adjusted light source information, respec 
tively, rclown and bclown denote R/R+G+B and B/R+G+B 
values of the average value of the ?rst region, and rup and bup 
denote R/R+G+B and B/R+G+B values of an color gamut 
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average value of the second region, respectively, and Distup 
and Distclown denote a distance from the initial light source 
information to the average value of the second region and a 
distance from the initial light source information to the 
average value of the ?rst region, respectively. 

[0042] The gains may be calculated according to: 

X % Equation 6 Rgain = f 
scaling rwhr 

gwht 
Bgain = fscaling X b—, 

wht 

[0043] Here, Rgain and Bgal-n denote gains to be applied to 
a red color R and a blue color B, respectively, fScaling denotes 
a scaling factor for scaling the input image, and rWht and bWht 
denote R/R+G+B and B/R+G+B values of the adjusted light 
source information, respectively. 

[0044] The controlling of the White balance may include 
controlling the White balance for the input image by multi 
plying the red color R of the input image by a reciprocal 
number of the scaling factor and the calculated gain of the 
red color R and multiplying the blue color B of the input 
image by the reciprocal number of the scaling factor and the 
calculated gain of the blue color B. 

[0045] To achieve the above and/or other aspects and 
advantages, embodiments of the present invention include 
an least one medium including computer readable code to 
implement a method embodiment of the present invention. 

[0046] Additional aspects and/or advantages of the inven 
tion Will be set forth in part in the description Which folloWs 
and, in part, Will be apparent from the description, or may be 
learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] These and/or other aspects and advantages of the 
invention Will become apparent and more readily appreci 
ated from the folloWing description of the embodiments, 
taken in conjunction With the accompanying draWings of 
Which: 

[0048] FIG. 1 illustrates an apparatus With White balance 
control, such as an imaging device, according to an embodi 
ment of the present invention; 

[0049] FIGS. 2A and 2B illustrate operations of a color 
space conversion unit, such as that of FIG. 1, according to 
embodiments of the present invention; 

[0050] FIGS. 3A to 3C illustrate operations of a gray 
region extraction unit, such as that of FIG. 1, according to 
embodiments of the present invention; 

[0051] FIG. 4 illustrates a detection unit, such as that of 
FIG. 1, according to an embodiment of the present inven 
tion; 
[0052] FIGS. 5A to SC illustrate operations of a light 
source information extraction unit, such as that of FIG. 1, 
according to embodiments of the present invention; 

[0053] FIGS. 6A and 6B illustrate operations of an adjust 
ment unit, such as that of FIG. 1, according to embodiments 
of the present invention; 
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[0054] FIG. 7 illustrates a White balance control method 
for an imaging device, for example, according to an embodi 
ment of the present invention; and 

[0055] FIGS. 8A and 8B illustrate histograms for gray 
patches after White balance control according to an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0056] Reference Will noW be made in detail to some 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings, Wherein like 
reference numerals refer to the like elements throughout. 
Embodiments are described beloW to explain the present 
invention by referring to the ?gures. 

[0057] FIG. 1 illustrates an apparatus With White balance 
control, e.g., an imaging device, according to an embodi 
ment of the present invention. 

[0058] As illustrated in FIG. 1, White balance control in an 
imaging device may include a color space conversion unit 
100, a gray region extraction unit 200, a detection unit 300, 
and a gain control unit 600, for example. Here, the detection 
unit 300 may further include a light source information 
extraction unit 400 and an adjustment unit 500, for example. 

[0059] The color space conversion unit 100 may convert 
input image data into data for a chromatic color space. Since 
a gray color, out of actual color components, is a color that 
effectively re?ects changes in the circumstances of relative 
light sources, the color space conversion unit 100 may 
convert the input image data into the chromatic color space 
facilitating detection of a gray region. That is, the color 
space conversion unit 100 may convert a CCD output RGB 
value into data for the chromatic color space for an easy gray 
region detection to control White balance of the CCD output 
RGB value, as an output value of an image sensor. 

[0060] The chromatic color space can be a color space 
having a luminance axis, an R/(R+G+B) axis, and a B/(R+ 
G+B) axis or a color space having a luminance axis, an R/G 
axis, and a B/G axis, for example. That is, since ratios 
betWeen RGB components of a gray color vary When a color 
cast is created by light sources, input image data can be 
converted into the chromatic color space using the ratios 
betWeen the RGB components of a CCD output RGB value 
as coordinate axes. 

[0061] The gray region extraction unit 200 may extract a 
range of a gray region based on data of gray patches 
acquired by using plural light sources, for example. Here, 
the plural light sources can be denoted as reference numerals 
D65, D50, CWF, A, and so on, for example, noting that the 
accuracy of extraction of the gray region can be improved as 
the number of light sources is increased. 

[0062] The gray region extraction unit 200 may acquire 
data for the gray patches of a Macbeth Color Checker, for 
example, for the plural light sources, and identify, as a White 
color for each light source, an average value of the acquired 
gray patch data. Further, the gray region extraction unit 200 
may identify, as a gray region for each light source, a certain 
region about a White point of each light source, using 
distribution characteristics of each light source, and extract, 
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as a gray region for an input image, a region containing all 
the identi?ed gray regions for the light sources. 

[0063] The light source information extraction unit 400 
may extract initial light source information, e.g., using a 
color gamut center value and an average value of the input 
image. The light source information extraction unit 400 may 
calculate the color gamut center value and average value, if 
there exists a large difference betWeen the center value and 
the average value, calculate a Weighted average value by 
applying a Weight value to the calculated average value, and 
use the calculated Weighted average values in extracting the 
initial light source information. The light source information 
extraction unit 400 may vertically map, for example, the 
calculated Weighted average value onto a light locus, being 
a center axis connecting the White points of the light sources 
identi?ed by the gray region extraction unit 200, and extract 
?naliZed initial light source information from the vertically 
mapped light locus. 

[0064] The adjustment unit 500 may adjust the initial light 
source information in order to exclude a chromatic compo 
nent introduced into the gray region, e.g., extracted by the 
gray region extraction unit 200, and extract the ?nal light 
source information. Here, for the extraction of the ?nal light 
source information, the adjustment unit 500 may divide the 
gray region based on a threshold luminance value, using the 
existence of a difference betWeen the gray component and 
the chromatic component, and identify a ?nal White point 
based on average values of the divided gray regions. The 
adjustment unit 500 may extract, as adjusted light source 
information, an average value of regions, out of the divided 
gray regions, not containing the chromatic component. 

[0065] Further, the adjustment unit 500 may divide the 
gray region into smaller regions in order to extract more 
accurate light source information. Furthermore, if an image 
having a single background color is input, the adjusting unit 
500 can detect a highlighted region by further dividing again 
the gray regions of the divided gray regions, and extracts 
more accurate light source information by determining an 
average value of the highlighted region When adjusting the 
light source information. 

[0066] The gain control unit 600 may calculate gains for 
adjusting input image data by using the ?nal light source 
information, for example, as decided by the adjustment unit 
500, and adjust the White balance by applying the calculated 
gains to the input image data. 

[0067] FIGS. 2A and 2B illustrate operations of a color 
space conversion unit 100, such as that of FIG. 1, according 
to embodiments of the present invention. FIG. 2A illustrates 
a distribution of the image data When the R, G, and B color 
components are uniformly increased in the chromatic color 
space of an R/G and B/G plane having a ?xed luminance. 
Further, FIG. 2B illustrates a distribution of the image data 
When the R, G, and B color components are uniformly 
increased in the chromatic color space of an R/(R+G+B) and 
B/(R+G+B) plane having a ?xed luminance. 

[0068] In FIG. 2A, generally, an imaging apparatus does 
not use all of the Charge Coupled Device (CCD) data, for 
example, but performs sampling over the CCD data at 
certain intervals and uses patching data based on an average 
value of the CCD data in a predetermined WindoW about the 
sampled data. Since an average value of the gray region can 
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be considered a White point, the gray region can be ?rst 
extracted for extraction of the light source information, ie 
the White point, based on such patching data. Further, the 
chromatic color space of the R/G and B/G plane can, as 
shoWn in FIG. 2A, be used since the ratios betWeen the RGB 
components of a gray color vary When a color cast is created 
due to the light source. 

[0069] In FIG. 2B, since the image data is relatively 
uniformly distributed compared to the chromatic color space 
shoWn in FIG. 2A, as the RGB components of each color 
component are uniformly increased, the accuracy of the 
extraction of the gray region can be improved. Thus, here 
inafter, information on the light sources may be extracted 
based on the chromatic color space on the R/(R+G+B) and 
B/(R+G+B) plane having a ?xed luminance as shoWn in 
FIG. 2B, for example. 

[0070] FIGS. 3A to 3C illustrate operations of a gray 
region extraction unit 200, such as that of FIG. 1, according 
to embodiments of the present invention. FIG. 3A illustrates 
a color gamut for four light sources, in general, and FIG. 3B 
illustrates gray regions for four light sources. Further, FIG. 
3C is illustrates the introduction of the chromatic component 
into the detected gray region for an imaging apparatus. Here, 
in FIGS. 3A-3C, the reference numeral Gr is used to denote 
gray regions for the imaging apparatus. 

[0071] In FIG. 3A, a color gamut of each light source can 
be detected based on image data of a color checker obtained 
by using each light source. Here, the four light sources have 
been denoted as D65, D50, CWF, and A, noting that other 
light sources may similarly be used for extraction of a color 
gamut of the input image. 

[0072] In FIG. 3B, from the color gamut, e.g., as detected 
for the four light sources, the gray region for each light 
source may be detected based on gray patch data for a color 
checker. An average value of the gray patch data for the 
color checker, detected for each light source, can correspond 
to a White point. Thus, the White point for each light source 
can be detected, and then a gray patch variance range is 
formed about the White point for each light source. Further, 
a modeling gray region for the input image can be obtained 
through four straight lines, for example, including all the 
gray variance ranges for the four light sources. 

[0073] In FIG. 3C, the chromatic component can be 
introduced, e.g., due to changes to the light sources, into the 
gray region for the input image data decided based on the 
color gamut information of the color checker and the four 
light sources, e.g., as shoWn in FIGS. 3A and 3B. That is, 
since a gray region is more Widely extracted than the gray 
region variance range for the light sources, used for an actual 
input image, as the gray region is extracted for the input 
image data caused by the different light sources, as shoWn in 
FIG. 3B, a chromatic component such as cyan can be 
introduced into the gray region. As shoWn in FIG. 3C, the 
chromatic components such as yelloW and cyan families 
have been relatively further introduced into the gray region 
compared to the chromatic components such as blue, red, 
magenta, and green families. NoW, as Will be discussed 
beloW, and according to embodiments of the present inven 
tion, there is a desire to control extracted light source 
information in order to exclude the chromatic components 
introduced into the gray region. 
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[0074] FIG. 4 illustrates a detecting unit 300, such as that 
of FIG. 1, according to an embodiment of the present 
invention. 

[0075] In FIG. 4, the aforementioned detecting unit 300 
may include a light source information extraction unit 400 
and an adjustment unit 500, and the light source information 
extraction unit 400 may further include a color gamut center 
calculation unit 410, a color gamut average calculation unit 
420, and Weighted average extraction unit 430. 

[0076] The gamut center calculation unit 410 may obtain 
a modeling light locus, being a center axis connecting White 
points for the light sources calculated in the gray region 
extraction unit 200, and calculate a color gamut center value 
based on tWo outermost points, for example, of a color 
gamut detected by intersection points of an extended line of 
a modeling center axis and the R/(R+G+B) and B/(R+G+B) 
axes, for example. 

[0077] The gamut average calculation unit 420 may cal 
culate the color gamut average value of the color gamut for 
the input image, and the Weighted average extraction unit 
430 may calculate a Weighted average value based on the 
color gamut center value, e.g., as calculated in the color 
gamut center calculation unit 410, and the color gamut 
average value, e.g., as calculated in the color gamut average 
calculation unit 420. Here, the Weighted average value can 
be an average value calculated by application of a Weighting 
factor to the color gamut average value, for example, based 
on a difference betWeen the calculated color gamut average 
value and color gamut center value. 

[0078] The adjustment unit 500 may detect the gray region 
by applying a different light source to the initial light source 
information, e. g., as extracted in the light source information 
extraction unit 400, and identify ?nal light source informa 
tion by excluding the chromatic component introduced into 
the gray region. 

[0079] FIGS. 5A to SC further illustrate operations of a 
light source information extraction unit 400, such as that of 
FIG. 1, according to embodiments of the present invention. 
FIG. 5A illustrates operations of the color gamut center 
calculation 410, and FIG. 5B illustrates operations of the 
Weighted average extraction unit 430. FIG. 5C illustrates 
operations for acquiring the initial light source information 
decided based on the Weighted average value, e.g., as 
calculated in the Weighted average extraction unit 430. 

[0080] In FIG. 5A, the color gamut center may be calcu 
lated through the extraction of the tWo outermost points, for 
example, of the color gamut for the input image and calcu 
lation of an average value of the tWo outermost points. 

[0081] In detail, a center axis in the chromatic color space 
may be identi?ed, e.g., connecting the White points for the 
light sources calculated in the gray region extraction unit 
200, and points X0 and Y0 may be identi?ed, e.g., Which 
may be intersection points of an extension line of the center 
axis and the R/(R+G+B) and B/(R+G+B) axes. Points 
located the shortest distance from the point X0 to the center 
axis and from the point Y0 to the center axis, respectively, 
can become the tWo outermost points of the color gamut for 
the input image. That is, a point X1 located the shortest 
distance from the point X0 to the center axis and a point Y1 
located the shortest distance from the point Y0 to the center 
axis become the outermost points, respectively. Accordingly, 
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here, the color gamut center value corresponds to a reference 
numeral gm, a center value of the points X1 and Y1. 

[0082] In FIG. 5B, When the average value, e.g., as 
calculated by the color gamut average calculation unit 420, 
is different from the center value, e.g., as calculated by the 
color gamut center calculation unit 410, the gray World 
assumption, stating that an average color becomes a gray 
color since a dominant color exists in a color gamut, can be 
violated. Thus, since there is a possibility that the calculated 
color gamut average value may not accurately represent the 
White information, the Weighted average value may be 
identi?ed through determination of the color gamut center 
value When the White information is calculated. As an 
example, the Weighted average value can be calculated 
according to the beloW Equation 1. 

bwaghte?(?Xb.ve+[5><bgm)/((1+[5) 
[0083] Here, rWeighted denotes the R/R+G+B value of the 
Weighted average value, bWeighted denotes the B/R+G+B 
value of the Weighted average value, and 0t and [3 denote 
constants. Further, rave denotes the R/R+G+B value of the 
color gamut average value, and bave denotes the B/R+G+B 
value of the color gamut average value. 

Equation 1 

[0084] As shoWn in Equation 1, e.g., in the Weighted 
average extraction unit 430, the R/R+G+B value and B/R+ 
G+B value of the Weighted average value can re?ect the 
color gamut center value on the color gamut average values, 
e.g., as calculated by the gamut average calculation unit 420. 
That is, if there exists a difference betWeen the color gamut 
average value and the color gamut center value, the 
Weighted average extraction unit 430, for example, can 
prevent the color gamut average value from being biased in 
any particular direction due to a dominant color of the color 
gamut by applying a Weighting factor to the color gamut 
average value and the color gamut center value in order for 
the color gamut average value to move toWard the color 
gamut center value, thereby enabling accurate initial light 
source information to be extracted. 

[0085] For example, since the color gamut average value, 
as calculated by the gamut average calculation unit 420, has 
a value close to a yelloW color rather than a gray color When 
a predominant color is the yelloW color, in the color gamut 
as shoWn in FIG. 5B, the Weighted average extraction unit 
430 may extract a Weighted average value obtained from 
moving the color gamut average value toWard the color 
gamut center value by re?ecting the color gamut center 
value on the calculated color gamut average value. Thus, the 
Weighted average extraction unit 430 can prevent the initial 
light source information from being inaccurately extracted 
due to the existence of a dominant color rather than a 
conventionally preferred existence of different colors uni 
formly existing in the color gamut. 

[0086] In FIG. 5C, the point ‘a’ denotes the Weighted 
average value of the color gamut, e.g., as extracted by the 
Weighted average extraction unit 430, the point ‘b’ denotes 
the point ‘a’ obtained When the Weighted average value of 
the color gamut is mapped onto the light locus, i.e., the 
center axis connecting the White points for the light sources, 
and the point ‘c’ denotes a light source adjusted based on the 
mapped point b. 
[0087] For extraction of the initial light source informa 
tion, the Weighted average value ‘a’ is vertically mapped 
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onto the light locus. That is, a mapping point is assigned to 
be at an intersection point of the light locus and a straight 
line perpendicular to the light locus containing the Weighted 
average value ‘a’. Further, for minimization of errors When 
the Weighted average value of each light source is mapped 
onto the White point for an original light source, the 
Weighted average value mapped onto the light locus can be 
corrected and then the initial light source information 
extracted. See Equation 2 beloW. 

, 2 I I - binitial=z Xrweighted +7” xrweighied'l'n Equatlon 2 

[0088] Here, rinitial and binitial denote the initial light source 
information, With rWeighted denoting the R/R+G+B value of 
the Weighted average value and bWeighted denoting the B/R+ 
G+B value of the Weighted average value. Further, I, m, and 
n, and l', m', and n' denote arbitrary constants. Equation 2 
can be applied to adjust the Weighted average value mapped 
onto the light locus When a distance betWeen Whites points 
of the light sources, located in the vicinity of the Weighted 
average value mapped onto the light locus, is less than a 
certain value, for example. 

[0089] FIGS. 6A and 6B illustrate operations of an adjust 
ment unit 500, such as that illustrated in FIG. 1, according 
to embodiments of the present invention. 

[0090] For example, FIG. 6A illustrates an operation of 
the adjustment unit 500, adjusting the initial light source 
information according to luminance. Similarly, FIG. 6B 
illustrates an operation of the adjustment unit 500 extracting 
the ?nal light source information by using average value of 
the regions divided based on luminance. 

[0091] In FIG. 6A, the horiZontal axis indicates the chro 
matic component, and the vertical axis indicates the lumi 
nance component. For extraction of the light source infor 
mation, from Which the chromatic component introduced 
into the gray region is removed, the gray region can be 
divided based on the luminance component, With the initial 
light source information being adjusted, and extracted in the 
light source information extraction unit 300, based on the 
color gamut average value of each divided region. 

[0092] Further, as shoWn in FIG. 6A, in the adjusting of 
the initial light source information based on the luminance 
component, the color component may be located nearer a 
border of the color gamut as the chromatic values of the 
image data are increased. HoWever, the color component 
comes nearer the Y axis as the gray values of the image data 
are increased. Accordingly, the gray region may be divided 
based on luminance into regions containing the chromatic 
component and regions not containing the chromatic com 
ponent, since there is a difference betWeen the gray com 
ponent and the chromatic component, and the extracted 
initial light source information may be adjusted based on the 
gray regions into Which the chromatic component is intro 
duced. 

[0093] For example, a second color may be located nearer 
to the color gamut border since the second color has a higher 
chromatic value compared to a ?rst color. That is, the ?rst 
color is located relatively near the luminance axis since the 
?rst color has a higher gray value compared to the second 
color. Here, there is a luminance difference betWeen the ?rst 
color and the second color, With the occurring luminance 
difference becoming l2-l1. 
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[0094] As illustrated in FIG. 6B, since there is a lumi 
nance difference between the gray component and the chro 
matic component, the gray region may be divided into the 
?rst region having loW luminance values and the second 
region having high luminance values, based on a luminance 
value. Here, as illustrated, the horiZontal axis indicates the 
R/R+G+B values and the vertical axis indicates luminance. 
FIG. 6B further illustrates that the gray region is divided 
based on luminance With respect to the R/R+G+B values, 
but the R/R+G+B and B/R+G+B values of the light source 
information, adjusted through the division of the gray region 
based on luminance, With respect to the B/B+G+B values, 
can be obtained. 

[0095] Equation 3, as shoWn beloW, can be used to obtain 
a threshold luminance value for a reference to the division 
of the gray region into the ?rst region and the second region. 

[0096] Here, Ythreshold denotes the threshold luminance 
value as a reference to the division of the gray region, Yregion 
denotes an average value of the average values of the 
divided gray regions, Yave denotes the average value of the 
gray region, and 0t and [3 denote arbitrary constants. 

[0097] As shoWn in Equation 3, the luminance value as a 
reference to the division of the gray region can be obtained 
based on the average value Yregion of a maximum luminance 
value and a minimum luminance value and the color gamut 
average value Yave of the entire gray region. 

[0098] Based on the calculated threshold luminance value 
Ythreshold, the gray region can be divided into the ?rst region 
having the loW luminance value and the second region 
having the high luminance value. Further, the adjusted light 
source information can be obtained based on an average 

value of a White point WP_doWn, i.e., the color gamut 
average value of the ?rst region, and a White point WP_up, 
i.e., the color gamut average value of the second region. 
Accordingly, the beloW Equation 4 can be used to obtain the 
light source information, as adjusted by the adjustment unit 
500, for example. 

[0099] Here, rWht and bWht denote the R/R+G+B and B/R+ 
G+B values of the White point value, i.e., the adjusted light 
source information, respectively. Further, rclown and bclown 
denote the R/R+G+B and B/R+G+B values of the average 
value of the ?rst region, respectively, and rup and bup denote 
the R/R+G+B and B/R+G+B values of the average value of 
the second region, respectively. Further, Distup and Distclown 
denote distances from a point detected based on the initial 
light source information, i.e. the point ‘c’ in FIG. SC, to the 
average value of the second region and to the average value 
of the ?rst region, respectively. Accordingly, the beloW 
Equation 5 can be used to obtain a distance from an initial 
light source information value to the average value of the 
?rst region and a distance from the initial light source 
information value to the average value of the second region. 

Equation 4 

DiSldoWn=\/(rini(ial_rdown)2+(bini?al_bdown)2 Equation 5 
[0100] Here, Distup and Distclown denote a distance from 
the initial light source information value to the average value 
of the second region and a distance from the initial light 
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source information value to the average value of the ?rst 
region, respectively, With rinitial and binitial denoting the 
initial light source information values, e.g., as extracted by 
the light source information extraction unit 400. Further, 
rdown and bclown denote the R/R+G+B and B/R+G+B values of 
the average value of the ?rst region, and rup and bup denote 
the R/R+G+B and B/R+G+B values of the average value of 
the second region, respectively. 

[0101] As shoWn in the above Equation 3, the adjusted 
light source information becomes an average value, Which is 
either the average value of the ?rst region or the average 
value of the second region, having the shortest distance to 
the initial light source information value. The adjustment 
unit 500 may divide the gray region into the second region 
having high luminance values and the ?rst region having 
loW luminance values based on the calculated luminance 
threshold value, divide the gray region into a region into 
Which chromatic components are introduced and a region 
into Which the chromatic components are not introduced, 
and identify a White point for a region containing the initial 
light sources as the adjusted light source information. 
Accordingly, by identifying the White point for the gray 
region, into Which chromatic components are not intro 
duced, as the ?nal light source information, the adjustment 
unit 500 can extract the light source information excluding 
chromatic components from initial light source information 
decided With the chromatic components introduced into the 
gray region. 

[0102] On the other hand, since the second region, as a 
high luminance region, includes a highlighted region When 
the input image is an image having a single background 
color, the adjustment unit 500 may extract accurate light 
source information by adjusting the light source information 
on Which a luminance value of the highlighted region is 
re?ected. When the high luminance region corresponds to 
the divided gray region not containing a chromatic compo 
nent, i.e., the divided gray region in Which the initial light 
source information and the White point for the divided 
region have minimum values, the adjustment unit 500 can 
determine that the divided gray region contains the high 
lighted region. 
[0103] Accordingly, the adjustment unit 500 may again 
divide the second region, Which is a high luminance region 
in the gray regions, divided based on the threshold lumi 
nance value, into a region containing a highlighted region 
and a region not containing a highlighted region. The region 
containing a highlighted region can be a region correspond 
ing to the top 20% of luminance of the second region, for 
example. 

[0104] Here, the adjustment unit 500 may ?rst decide 
Whether or not a highlighted region is generated by the input 
image, and re?ect a decision result on light source informa 
tion for a White point for the highlighted region to be 
adjusted. The adjustment unit 500 can determine Whether the 
highlighted region has been generated by the input image by 
checking Whether or not an average luminance value of the 
highlighted region is smaller than a luminance value 
obtained from multiplying an average luminance value of 
the entire gray region by 3.5, for example. 

[0105] If the average luminance value of the highlighted 
region is smaller than a luminance value obtained from 
multiplying the average luminance value of the entire gray 
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region by 3.5, again noting this is only an example, the 
adjustment unit 500 may assign the average value of the 
highlighted region as the adjusted light source information. 
However, in this example, if the average luminance value of 
the highlighted region is larger than a luminance value 
obtained from multiplying the average luminance value of 
the entire gray region by 3.5, the adjustment unit 500 may 
assign the average value of the second region as the adjusted 
light source information. 

[0106] FIG. 7 illustrates a White balance control method 
for an imaging apparatuses according to an embodiment of 
the present invention. 

[0107] In FIG. 7, the input image data may be converted 
into data for a color space having a chromatic component 
(S901). In order to extract light source information and 
control White balance, the image data may be converted into 
a color space in Which the image data can be separated into 
a chromatic component and an achromatic component, and 
properties changing RGB component ratios of gray colors 
can be used When a color cast occurs from light sources. 

[0108] Such a color space can be an R/G and B/G plane 
having a ?xed luminance or an R/R+G+B and B/R+G+B 
plane having a ?xed luminance, for example. Hereinafter, 
description Will be made on operations of converting the 
input image data onto an R/R+G+B and B/R+G+B plane 
having a ?xed luminance and controlling White balance 
based on the extracted light source information. 

[0109] Further, the image data may be obtained from 
sampling data captured by an image sensor, e.g., at certain 
intervals, With the sampled data being used in patching data 
based on an average value of data Within a predetermined 
WindoW. 

[0110] Next, a gray region for an image apparatus may be 
extracted in the converted color space based on plural light 
sources and a color checker (S903), for example. In general, 
the plural light sources can be light sources D65, D50, CWF, 
and A, as examples, for an imaging apparatus, and the color 
checker can be the Macbeth color checker, noting that 
alternative embodiments are equally available. 

[0111] In this example, the light sources may be used for 
extraction of gray regions for the light sources based on 
image data acquired from the Macbeth Color Checker, and 
a gray region for an imaging apparatus is extracted Which 
contains all the extracted gray regions. In detail, the gray 
regions for light sources may be extracted based on an 
average value of gray patch data of the Macbeth color 
checker, and four straight lines may be formed to include all 
the extracted gray regions for the light sources, so that the 
gray region for an imaging apparatus can be extracted. Here, 
the accuracy of the gray region extraction for an imaging 
apparatus can be improved, With the number of the light 
sources increased, based on a non-linear method using a 
look-up table and the like rather than the four straight lines 
formed to include the gray regions for the light sources, 
noting again that alternative embodiments are also equally 
available. 

[0112] Initial light source information may be extracted 
based on a color gamut center value and a color gamut 
average value of the input image (S905). In order to prevent 
violation of the gray World assumption, stating that an 
average value of an input image becomes a gray color When 
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there exists a dominant color in an input image, calculations 
can be performed in order for the color gamut center value 
of the input image to be re?ected. Since a large difference 
occurs betWeen the color gamut average value of the input 
image and a color gamut center value of the input image 
When a dominant color exists in the input image, the 
Weighted average value may be calculated through applica 
tion of a Weight value to the calculated color gamut average 
value and color gamut center value. 

[0113] The calculated Weighted average value may be 
vertically mapped, for example, onto a center axis connect 
ing White points of the light sources in the gray region 
extracted in operation S903. That is, the Weighted average 
value may be mapped onto a point at Which a straight line 
and the center axis cross, the straight line containing the 
Weighted average value among straight lines perpendicular 
to the center axis. Further, the initial light source information 
may be extracted through adjustment of the Weighted aver 
age value mapped onto a light locus in order for errors to be 
minimiZed When the Weighted average value of each light 
source is mapped onto a White point of an original light 
source. 

[0114] The extracted initial light source information may 
be controlled based on the gray region to Which a chromatic 
component is introduced (S907). Since the gray region for 
the input image is extracted based on a gray region for plural 
light sources, a region to Which a chromatic component is 
introduced is used as a gray region for extraction of the light 
source information, rather than a gray region for light 
sources actually used. Accordingly, according to embodi 
ments of the present invention, there is a desire to adjust the 
initial light source information extracted based on the gray 
region to Which the chromatic component is introduced. 

[0115] For adjustment of the initial light source informa 
tion, it is bene?cial to acknoWledge that there exists a 
luminance difference between a gray component and a 
chromatic component. As described above With reference to 
FIG. 6A, upon luminance comparison of a gray component 
to a chromatic component on a plane having a chromaticity 
axis and a luminance axis, the gray component has a loWer 
luminance value than the chromatic component in a region 
in Which chromaticity is proportional to luminance, and the 
gray component has a higher luminance value than the 
chromatic component in the region in Which the chromatic 
ity is inversely proportional to the luminance. 

[0116] Accordingly, since a luminance di?ference exists 
betWeen the gray component and the chromatic component, 
the gray region may be divided based on a threshold 
luminance value, and, out of average values of the divided 
regions, an average value located near the initial light source 
information may be identi?ed as the adjusted light source 
information. The gray region may be divided into a gray 
region containing a chromatic component and a gray region 
not containing a chromatic component based on the thresh 
old luminance value, an average value of a divided region 
close to the initial light source information may be identi?ed 
as the light source information, and an average value of the 
gray region not containing a chromatic component can be 
extracted as the adjusted light source information. Accord 
ingly, the light source information can be extracted Where a 
chromatic component has been introduced into the gray 
region has been excluded from. 
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[0117] Meanwhile, When an input image having a single 
background color is input, a gray region may not be divided 
into tWo regions based on one threshold luminance value, 
but a high luminance region may be divided again so that the 
initial light source information can be adjusted in order for 
an average value of luminance corresponding to a high 
lighted region to be re?ected. 

[0118] Gains to be applied to the input image may be 
calculated based on the adjusted light source information 
(S909). Data scaling may be performed over RGB data for 
each input image in order to exclude color temperature 
changes caused by light sources based on the extracted light 
source information. The gains used for the scaling of the 
RGB data for the input image can be obtained according to 
the beloW Equation 6, for example. 

_ gwhr Equation 6 
Rgain — >< — 

scaling rwhr 

gwht 
Bgain = fscaling >< —. 

bwht 

[0119] Here, Rgain and Bgain denote gain values to be 
applied to R and B, fScalin denotes a scaling factor, and rWht 
and bWht denote R/R+G+B and B/R+G+B values of a White 
point being the adjusted light source information. Further, 
gwh‘ denotes a G value of light source information. 

[0120] The calculated gains may be applied for image data 
control (S911). The White balance can be controlled by 
multiplication of R and B by Rgain and Bgain, e.g., calculated 
in Equation 6, respectively. That is, the White balance for 
each input image can be controlled by R'=R><Rgain/fscahng, 
G'=G, B'=B><B /f gain scaling‘ 

[0121] FIGS. 8A and 8B illustrate histograms for gray 
patches, according to an embodiment of the present inven 
tion. FIG. 8A illustrates histograms for gray patches to 
Which a conventional White balance control method is 
applied, and FIG. 8B shoWs histograms for gray patches to 
Which a White balance control method according to the 
present invention is applied. 

[0122] In FIGS. 8A and 8B, in result images for the 
Macbeth color checker, to Which a conventional White 
balance control method may be applied, RGB components 
are unevenly distributed in FIG. 8A histograms since the 
White balance is not accurately adjusted over histogram 
distribution of gray patches. HoWever, FIG. 8B illustrates 
that RGB components maintain balance therebetWeen in 
images to Which a White balance control method according 
to the present invention is applied. 

[0123] As explained above, embodiments of the present 
invention can improve the accuracy of White balance by 
detecting light source information having a minimiZed effect 
of a chromatic component introduced into a gray region and 
by adjusting the White balance. 

[0124] Further, embodiments of the present invention can 
prevent light source information from being inaccurately 
detected due to an existence of a dominant color in a color 
gamut by calculating a color gamut average value based on 
a color gamut center value When detecting a gray region 
used for the detection of the light source information. 
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[0125] In addition to the above described embodiments, 
embodiments of the present invention can also be imple 
mented through computer readable code/instructions in/on 
at least one medium, e. g., a computer readable medium. The 
medium can correspond to any medium/media permitting 
the storing and/or transmission of the computer readable 
code. 

[0126] The computer readable code can be recorded/trans 
ferred on a medium in a variety of Ways, With examples of 
the medium including magnetic storage media (e.g., ROM, 
?oppy disks, hard disks, etc.), optical recording media (e.g., 
CD-ROMs, or DVDS), and storage/transmission media such 
as carrier Waves, as Well as through the lntemet, for 
example. The media may also be a distributed netWork, so 
that the computer readable code is stored/transferred and 
executed in a distributed fashion. 

[0127] Although a feW embodiments of the present inven 
tion have been shoWn and described, it Would be appreciated 
by those skilled in the art that changes may be made in these 
embodiments Without departing from the principles and 
spirit of the invention, the scope of Which is de?ned in the 
claims and their equivalents. 

What is claimed is: 
1. An apparatus With automatic White balance control, 

comprising: 
a color space conversion unit to convert input image data 

captured by an image sensor into color space data 
having a chromatic component; 

a gray region extraction unit to extract a gray region for 
the input image data based on gray regions for light 
sources related to the input image data, the gray regions 
being identi?ed based on plural light sources and a 
predetermined color checker; 

a detection unit to extract initial light source information 
by using a color gamut average value and a color gamut 
center value of the input image data, and adjust the 
initial light source information to exclude a chromatic 
component introduced into the extracted gray region by 
using a determined existence of a luminance difference 
betWeen a gray component and the chromatic compo 
nent; and 

a gain control unit to calculate gains to be applied to scale 
the input image data based on the adjusted initial light 
source information, and control a White balance of the 
input image data by applying the calculated gains to the 
input image data. 

2. The apparatus of claim 1, further comprising a signal 
processing unit for signal-processing and displaying the 
White-balanced input image. 

3. The apparatus of claim 1, further comprising a charge 
coupled device (CCD), With the CCD being the image 
sensor and providing the input image data. 

4. The apparatus of claim 1, Wherein the color space is 
either a color space having a luminance (Y) axis, an R/R+ 
G+B axis, and a B/R+G+B axis or a color space having a 
luminance (Y) axis, an R/G axis, and a B/G axis. 

5. The apparatus of claim 1, Wherein the gray region 
extraction unit detects a White point for each light source 
based on an average value of gray patch data obtained by 
using the plural light sources, detects a certain range about 
a respective White point for each light source as a respective 






